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Preface
The analysis of the transient response of electrical and electronic circuits to any transient input signal is a rather more difficult subject than the analysis of the AC response of such circuits when excited by sinusoidal signal sources. Fortunately the use of the Laplace transform method, developed separately by Oliver Heaviside in his operational calculus, has proved to be a very powerful tool, more so than many people realise, for carrying out this type of analysis. The method effectively transforms a difficult problem, based on the classical solution of linear differential equations, into a much simpler one that even first year undergraduates can tackle. However, in a few cases, the classical method can prove to be more efficient particularly in the transient analysis of circuits containing electrical components whose values change with time.
The book therefore starts with a detailed chapter on the Laplace transform method together with a introductory section on the use of the classical method. The chapter gives an insight into the origins of the Laplace transform method so that interested readers can get some sort of understanding of the way in which differential equations, that may be difficult to solve directly, can be converted into simple algebraic equations that are much easier to solve. The use of the method is illustrated by many worked examples and it is recommended that those new to the subject work through the examples to achieve competence in its application. The Laplace transform method is used heavily throughout the later stages of the book as the standard method for analysing the transient response of the many components and circuits described. This chapter is then followed up by a second chapter on transmission lines which is written in such a way as to explain how the Laplace transform method may also be applied to the transient analysis of the response of transmission lines to transient signals. These two chapters then provide the foundation for the rest of the book which is devoted to specific electrical components, circuits and circuit techniques which are used to generate and transform short electrical pulses with pulse duration's down to a few hundreds of picoseconds. Chapters 3 and 4 are then devoted to the subject of pulse forming using transmission lines (chapter 3) and line simulating LC ladder networks (chapter 4). The transient response of conventional wound transformers is described in chapter 5 which is then followed by a chapter on the more recently developed family of transmission line transformers. Chapter 7 deals with the design of pulse generators which are based on the discharge of energy either stored in capacitors or inductors and includes a detailed description of the Marx generator, perhaps the most important generator used in pulsed power systems. Finally chapter 8 introduces the exciting new field of nonlinear pulse generators. The use of nonlinear components has led to the development of a whole new family of pulse generating circuits whose performance, particularly in terms of speed, can far out exceed that of circuits which are restricted to the use of linear components.
It is hoped that this book will provide readers with a comprehensive guide to the most important pulse generating circuits and components that have been reported so far. It can be quite difficult to find information on many pulsed circuit techniques as much of the work has been published in the form of internal research reports, often at defence research establishments, or in books and papers that can only be discovered in the world's largest engineering and physics libraries. For this reason there are extensive lists of references at the end of each chapter so that more detailed information on particular circuits and components can be found relatively easily.
There are very few books that have been written specifically on transient electronics and pulsed electrical circuits. Most notable are the books by Glasoe and Lebacqz, Pulse Generators and Lewis and Wells, Millimicrosecond Pulse Techniques. Both books are now very old having been written around 50 years ago. A later book by Zepler and Nichols, Transients in Electronic Engineering is also worth noting as it also deals specifically with the transient analysis of electrical circuits although it does not include chapters on pulse generating circuits and components that are to be found in this book.
This book, therefore, is designed to give an up-to-date approach to the subjects of transient electronics and pulse generator circuits and is, in part, based on the vast amount of research work carried out over the last 50 years or so in the field of pulsed power technology. This work has been primarily directed towards the development of pulsed electrical circuits capable of generating short electrical pulses at very high power levels for applications mostly in experimental physics and defence. Much of the source material comes from the Proceedings of the International IEEE Pulsed Power Conferences (started in 1977), the Proceedings of the IEEE Power Modulator Symposia (started in 1950) and the IEE Pulsed Power Colloquia (started by the author in 1991).
The book is written so that it should be of use both to undergraduates in electrical and electronic engineering (chapters 1 and 2) and, in particular, to all researchers in pulsed power technology. It should also be of value to engineers who need to know about transient analysis and pulse generation, such as aerospace engineers (lightning and EMP protection), the defence community (electric guns, flash X-rays, etc.), radar engineers (pulsed and impulse radars), and computer engineers (computer protection from transient signals etc.).
In writing this preface, I find it rather amusing to think that I am again writing about the characteristics of a variety of electrical circuits when the first piece of work I wrote on the subject was a project on electrical circuits written at the age of 11 at Whitehorse Road Primary School, Croydon. Some 40 years on I am still devoted to the subject and the book is written as a result of over 30 years research activity in pulsed power. For an experimentalist in physics or electrical engineering, pulsed power technology is arguably the most exciting (quite literally!) field to work in. The world's biggest lasers, plasma experiments, electric guns, particle accelerators are critically dependent on pulsed power technology and simply would not exist without the pioneering research carried out in the field.
Over the years of my research career I have met and worked with many fine physicists and engineers world-wide whose friendship and generosity have made this book possible. However, before thanking those who have helped me to produce this book, I would like to start by expressing my deep gratitude to Jim Holbrook whose lecture course on Network Analysis and Synthesis, that I undertook at Southampton University in 1971, is probably the most valuable course an electrical or electronic engineer could take. His book entitled Laplace Transforms for Electronic Engineers clearly illustrates his profound understanding of the Laplace transform method and his ability to communicate this understanding in the most digestible way. A ''must buy'' for all electrical engineers! I should also like to thank my colleagues and friends at the former EEV Co. Ltd. (now Marconi Applied Technologies) and, in particular, Peter Maggs, Chris Neale, Colin Pirrie and the late Hugh Menown, for their support and sponsorship over many years. Without their generosity and patronage it would have been impossible to carry out much of the work described in this book. I was also fortunate enough to spend time in the late 70s with the late Charlie Martin and his group at AWE, Aldermaston. Charlie, regarded by many as the Father of pulsed power technology, generously devoted much of his time to the training of new workers in pulsed power technology. His highly individual and unconventional approach to research was very stimulating and a very interesting and amusing account of his career is to be found in the book edited by Martin, Guenther and Kristiansen entitled J. C. 
INTRODUCTION
The analysis of the transient response of pulsed circuits requires a comprehensive knowledge and understanding of the mathematical methods that can be used. In this chapter the most important mathematical tools are explained. It is not the purpose of this chapter to give a complete description of the techniques of electrical circuit analysis, as there are plenty of good texts available on this topic [1, 2, 3] . It will be assumed, however, that the reader is competent in the basic techniques of network analysis, i.e. the application of Kirchhoff's laws to circuits, the laws of Thévenin and Norton and the principle of superposition. Also desirable is a working knowledge of the technique of signal flow graphs and the associated use of Mason's reduction formula [4] as this can often reduce the labour involved in analysing the transient behaviour of multi-component circuits. It will also be assumed that the reader has an adequate background in mathematical techniques, and in particular is familiar with complex number theory, the solution of integro-differential equations, Fourier analysis and series, and basic matrix and determinental methods. Again there are many texts which cover such topics, but the books by Stephenson [5] , Wylie and Barrett [15] and Jeffrey [14] may prove to be among the most useful.
This chapter is largely concerned with the Laplace transform method as developed by Oliver Heaviside. The technique is of prime importance to any electrical engineer concerned with the transient behaviour of electrical circuits [6] . The method has an elegant simplicity for this type of analysis and a very wide range of application. Its application to the transient analysis of circuits involving transmission lines is of particular importance and will be dealt with in the next chapter. Although the growing use of circuit analysis programmes such as PSPICE [7] and MICROCAP [8] can provide a convenient and useful way of analysing the transient behaviour of pulsed circuits, a solid grounding in the application of the Laplace technique to such circuits must be regarded as essential.
THE CLASSICAL METHOD
Before introducing the Laplace transform method, it is instructive to analyse the transient behaviour of a relatively simple circuit using an integro-differential equation set up using
